Soil ecosystem polluted by metals affect the structure of soil invertebrate population(s) and dynamics leading to altered distribution of species. This study focuses on earthworm distribution in sewage irrigated agricultural lands around Bangalore. The occurrence of reported species from the sampled areas is Eudrilus eugeniae, Lampito maurutii, Pontoscolex corethrurus, Polypheretima elongata, Perioynx excavates and Eisenia fetida. Laboratory studies conducted to evaluate feed ingestion rate and body mass changes in earthworms exposed to metal spiked soils revealed species specific pattern. Eudrilus eugeniae and Lampito maurutii showed a steep increase in body weight, while Pontoscolex corethrurus exhibited decreased trend upon Zn exposure. Contrarily a significant (p<0.05) decline in body weight was evident in all the three species upon exposure to Cr spiked soils. The observed alterations in feeding and body mass index concomitantly influenced the reproductive parameters. Rate of hatchability and reproductive function found to be decreased in Cr spiked soils in all the three species studied. Contrarily, increased hatchability was observed in E.eugeniea and L.maurutii followed by a decrease rate in P.corethrurus upon exposure of Zn spiked soils. However, reproductive rate found to be increased in E.eugeniea and P.corethrurus with decreased trend in L.maurutii. Thus, use of sewage polluted water for irrigation purpose has led to increased soil metal concentration impacting earthworm physiology and distribution.
InTRODuCTIOn
Improper disposal of sewage effluents and irrigation practices with polluted waters has increased the concentration of metals in agricultural soils. This has led to increased concentration of metals in organic matter in soils which are fed by earthworms leading to bioaccumulation and biotransformation. In ecosystem, biota are generally exposed to low levels of toxic pollutants, among all, heavy metals are more toxic, as they biomagnifies through food chain 1 . Earthworms are sensitive biomarkers for evaluating soil toxicity as they are in contact with soil continuously by ingesting and burrowing in soil. They are important in terms of soil functionality 2 and play a key role in terrestrial ecotoxicological risk assessment 3 . Organisms respond to change in climatic conditions like loss of moisture, temperature fluctuations and toxic chemicals induced by anthropogenic activities that are considered as stressors, and regulated by set of interactions between biotic and abiotic factors. Congregating above, Vrankel et al., 4 suggested multi-factorial approaches which are more pragmatic in comparison with single toxicant assay using any single species.
Several attempts have been made to understand the earthworm diversity and distribution in India. For instance, Julka et al., 5 reported 590 species of earthworms from all over India, while earthworm diversity reported in different parts of India such as from north Indian states 6 ; north eastern states 7 ,Tamilnadu 8 and few districts of Karnataka like Gulbarga 9 and Bangalore 10 . In recent times no study has been undertaken to survey earthworm, keeping prevalence of high pollution rates in Bangalore district.
Thereby, this study aimed to study the prevalence of earthworms species in sewage irrigated agricultural lands adjoining to the industrial pockets of Bangalore. Subsequently, their feeding behaviour and body mass changes in laboratory conditions assessed upon exposure to sub lethal doses of selected heavy metals chromium (Cr) and Zinc (Zn) for 7, 14, 21 and 28days.
MATERIALS AnD METHODS

Study site
With its continuous expansion, human settlements and industries have taken over the agricultural fields by large amount in Bangalore (12 o .58'N and 77 o . 35 'E, 921MSL). This has resulted in the shrinkage of land available for farming affecting soil fertility. The study sites were chosen along Vrishabavathi valley where lands are irrigated with sewage effluents and in Attibele industrial area where industries are located adjoining to agricultural fields. In all the selected villages minimum of five sub samples of top 10cm of soil was sampled and hand sorted to remove root and litters to achieve randomness. The samples were stored in labelled polythene bags prior to analysis mixed up well and analysed in three replicates. Earthworms prevailing in each site was collected along with the soils in a plastic culture boxes with perforated lid and transported to the laboratory and acclimatised for further identification and use.
Soil analysis
Soil pH was measured using pH meter (Thermo-orion) and Electric conductivity (EC) is measured using EC meter and expressed as mmhos/cm.
Organic carbon
Organic carbon was determined by Walkley and Black 11 method.1.0g of soil was weighed in 500ml conical flask, to this 10ml of 0.1667M K 2 Cr 2 O 7 solution and 20ml concentrated H 2 SO 4 containing Ag 2 SO 4 was added and mixed thoroughly for 30min to complete the reaction. The reaction mixture was further diluted by using 200 ml of H 2 O and 10 ml of phosphoric acid and 10 ml of sodium fluoride solution. Diphenylamine was used as indicator. Titration was carried out with 0.5 M FeSO4 with brilliant blue colour as end point. Results are presented as percentage organic carbon x 1.3, as the organic carbon recovery is found to be in the range of 77%.
Available Phosphorous
Available phosphorous was determined by Olsen's et al. method 12 . Available phosphorous in soil is extracted in Olsen's P (0.5M NaHCO 3 solution at pH 8.5) extractant under neutral to alkaline soil conditions. 50ml of the bicarbonate extractant was added to 100ml conical soil sample and. The mixture was kept on mechanical shaker for 30min and then filtered. The colour intensity was measured spectrophotometrically.
Available Potassium
Available potassium was determined by Merwin and Peach method 13 . It was estimated with the help of flame photometer. 25ml containing 5g soil sample and stirred thoroughly for 5min and resulting supernatant was filtered and amount of potassium was measured with flame photometer.
Available micro-nutrients (AAS)
Standard procedures were adopted to analyse elemental composition of soil using atomic absorption spectrophotometer (AAS) 14 and results were expressed as µg/ml.
Selection of species for laboratory studies
Worms were carefully brought to the laboratory and allowed to stabilize for one month under laboratory conditions in plastic culture boxes containing soil and organic matter containing farmyard manure mixture (9:1) with 35 to 40% of moisture content and pH in the range of 6.8 to 7.0. Earthworm species which were active with well-developed clitella viz., E.eugeniae, L. maurutii and P. corethrurus were chosen for further studies. They were carefully picked from the culture boxes 24hrs prior to use and placed on damp filter paper (in the dark at 28 ± 2 °C) in petridishes for removal of gut contents.
Selection of metal concentrations and LC 50 values
Zinc (Zn) is an essential trace element, readily available in soils, and basically required for the healthy functioning of biological systems. In soils zinc toxicity depends on soil characteristics and is found toxic when present at elevated level. Zinc concentrations in soils are of great importance in terms of soil health and toxicity 15 . As per available literature the concentration of Zn in sewage irrigated agricultural soils and few selected industrial pockets of Bangalore were in the range of 2-15ppm. Furthermore, Schalscha et al. 16 21 probit mortality. In view of the above ranges, a sub-lethal dose of 8ppm was used in the present study.
Preparation of experimental beds
Before experimentation, the experimental beds having air-dried soil and sun-dried, urine-free cow dung in the ratio of 3:1 were assayed by AAS for the elemental composition especially for Zn (1.29ppm) and Cr (below detectable levels). An appropriate amount of Zinc chloride (ZnCl 2 ) and potassium dichromate (K 2 Cr 2 O 7 ) solutions were added in aqueous solutions to attain required concentration of 350ppm Zn and 8ppm Cr were mixed with the soil to make up the experimental beds. The experiments were set up at laboratory conditions; three sets of ten replicates, a total of thirty experimental beds containing 350ppm Zn, 8ppm Cr and distilled water to control beds were used. Experimental beds having 30% of moisture were arranged in plastic culture boxes, covered with a perforated lid for aeration and fine gauze to prevent escape of worms. Ten control beds were prepared with distilled water as mentioned above. Ten earthworms were introduced to each box after voiding their gut contents and kept at 24±2 0 C 22 . Six worms were randomly selected from different replicates from each metal exposure for further assay.
Feeding rate evaluation
The methodology used by Sunitha Seenappa 23 for the assessment of growth and bioenergetics parameters in Eudrilus eugeniae was adapted in this study to evaluate the feeding rate of earthworms. The experimental beds were prepared with a thin layer of soil, (as it allows air to passively diffuse into the material) and dry cow dung flakes of known weight, which was soaked in 350ppm of ZnCl 2 solution and 8ppm of K 2 Cr 2 O 7 solution were provided to the worms separately. The left out flakes were picked carefully by separating them from worm castings which are easily recognizable as they cast on the surface in the form of pyramids of finely divided soil 24 and weighed. The amount of feed consumed was measured by weighing the left out food on 7, 14, 21 and 28days of exposure.
Rate of food consumed was calculated as =
Body weight changes
Changes occurred in body weight indices were measured by removing ten individual worms from the substrate randomly from the replicates, from each treatment, washing them in distilled water and drying them on paper towels, and were weighed individually for the change in body weight. To minimize the interference of gut contents, the worms were weighed at a particular time in the mornings after observing the fresh casts, assuming the worms voided their gut contents.
Measurement of reproductive rate
To measure the reproductive rate, the cocoons in each culture box were counted at the end of 30 th day, and the number of hatched cocoons and the hatchlings in the substrate were counted.
Percent hatchability was calculated as = Reproductive rate =
Data Analysis
Data was analysed statistically using SPSS software (version 20.0). One-way ANOVA followed by post hoc Duncan multiple range test(p<0.05) was used as applicable statistical tool for feeding rate evaluation and body weight changes and Dunnett's post hoc (p<0.05) for comparing different soils. The results are presented as mean ± standard error. Values in brackets refer to percentage change, '+' sign indicate increase and '-'sign indicate decrease over control. Percentage change was calculated as follows:
Control 
RESuLTS
Soil analysis
Distribution of earthworms
The diversity of species of earthworms recorded in the studied areas viz., Eudrilus eugeniae, Lampito maurutii, Pontoscolex corethrurus, perionyx excavatus, Polypheretima elongata and Eisenia fetida, however species abundance varied among sampling sites, E.eugeniae and L.maurutii being the most dominant species followed by P.corethrurus, polypheretima elongata and Eisenia fetida. Identifying key characteristics of species and their distribution in the sampled areas is represented in table 3.
Feed consumption
The data shown in 
Reproductive indices
Reproductive indices recorded in terms of total cocoons, hatchability and reproductive potential of earthworm species studied is shown in table 6. In E.eugeniae, the mean total cocoons produced in the control group was found to be 22.0±1.08, while in treated group the total cocoons produced were found to be 30.50±2.65 in Zn and 13.3±1.32 in Cr treated soils. Likewise a significant difference was evident between total cocoons and hatching rate in both Zn and Cr exposed groups, wherein an increased (+39.17%) rate of hatchlings was apparent in Zn spiked soils. Contrarily a decreased (-77.83%) rate of hatchlings were evident in Cr exposed groups. Further, a significant increase in the rate of hatchability (+7.85%) and reproductive rate (+39.56%) was observed in Zn exposed group, while in Cr exposed groups a decreased rate of hatchability (-39.65%) and reproductive rate (-35.16) was evident.
In L. maurutii, there was no significant (p<0.05) difference between total cocoons hatched in Zn spiked soils while significant difference was observed in Cr exposed groups. The mean total cocoons produced in the control group was 2.0±0.47, while in treated groups the total cocoons produced were found to be 1.10±0.27 in Zn and 0.6±0.22 in Cr treated soils. Increased (+60.0%) number of hatchlings in Zn spiked soils were observed though there was no difference in number of hatchlings in Cr spiked soils compared to control. Likewise, there was no significant (p<0.05) difference in the total cocoons produced (-35.71%), hatchability (+2.86%) and reproductive rate (-37.5%) in Zn spiked soils. Whereas a significant (p<0.05) reduction in total cocoons (-70.0%) formed and reproductive rate (-62.5%) was observed in Cr spiked soils, though there was an insignificant decrease in hatchability rate (-57.14%).
In P.corethrurus, there was no significant (p<0.05) difference seen in reproductive indices between control and metal spiked soils. The total cocoons formed were found to be 1.10±0.31 in control and 1.2±0.38 and 0.50±0.16 in Zn ad Cr spiked soils respectively. The percent change observed in total cocoons hatched (-20.0% in Zn; -50.0%in Cr), hatchability rate (-32.49% in Zn;-24.99%) and reproductive rate (+25.0% in Zn; -50.0% in Cr) in metal spiked soils were evident. Though there was no difference in total hatchlings formed in Zn spiked soils decreased (-50.0%) number of hatchlings were observed in Cr spiked soils compared to control.
DISCuSSIOn
Earthworms have been used as model organisms to assess the potential ecological risk on soil ecosystems caused by pollutants 25 and hence considered as primary organisms which play an important role in soil functionality. They are the major agents of the soil fauna biomass, providing soil aeration and drainage and act as primary decomposers of organic matter 26 whose functions may be suppressed due to pollutants. Earthworm responses to continuous heavy metal pollution provides vital information for monitoring environmental risks based on their ecological significance and duration of exposure. Each soil Values are represented as mean ±Std error of three replicates (n=3). '*' represents statistically significant (p <0.05) difference compared to control (site: C) using one-way ANOVA SPSS (version 20.0) Dunett's post hoc test is specific in terms of pollution monitoring as the quantity of heavy metals introduced and its behaviour is associated with soil properties 27 . Findings of Rattan 28 advocates that soil is nutrient rich and the presence of heavy metals in high concentrations implies its persistence, affects the productivity in long-term. Heavy metals are released into the soil by decomposition process but due to their limited solubility and restricted plant uptake, it gets accumulated in top layers of soil and become integrated part of soil environment by binding to specific adsorption sites of inorganic or organic particles 29 . Living organisms require trace amount of heavy metals including Fe, Co, Cu, Mg, Va and Zn for regulation of normal health. Excess amount of heavy metals can deteriorate normal physiology of an animal. Other heavy metal such as Cd, Pb, and Hg do not serve beneficial effects and their accumulation over the time in animals can cause ill effects or pathology. In this study, the samples collected from different industrial pockets of Bangalore (sites: A, G, L, T) were analysed for their elemental composition and it is evident from the results that agricultural lands adjacent to industrial pockets possess the elements like Zn (5.3 to 15.84mg/kg), Cu (15.3 to 149 mg/kg), Mg (0.7 to 7.0mg/kg), Fe (28.1 to 79.5mg/kg), Ni (0.05 to 1.02mg/kg), Pb (0.1 to 0.28mg/kg), Mn (0.46 to 1.35mg/kg) and TCr (0.12 to 0.225mg/kg). Though the concentrations of metals analysed from the sampled sites were below the prescribed levels, the confined/restricted distribution could probably due to synergism between contaminant interactions. Studies have shown that distribution of earthworm species depends on the soil qualities such as soil moisture, texture, depth, pH, and organic matter content. Their density and biomass is chiefly monitored by food supply and quality and quantity of organic inputs returned to the soil 30 . Studies of Langdon et al. 31 reported that laboratory metal spiked soils are more toxic than the field conditions of the same concentrations. Kale and Krishnamoorthy 10 reported that the distribution and abundance of earthworms depends on the adaptability of the particular species to soil strata, more the adaptability higher will be the abundance. In this study E.eugeniae and L. maurutii were found in more number compared to other species may be due to build up of organic matter on surface layers. Prevalence of species also depends on the feeding rate as it is an important physiological process for energy requirement. In Cr exposed worms, decreased food intake could be a strategy of earthworms to avoid poisoning due to heavy metals and organic chemicals for its natural existence 32 . Furthermore, decreased body weight observed in Cr spiked soils may be attributed to the altered food intake and increased assimilation as casts. Maboeta et al. 33 observed suppressed growth rate on exposure to low levels of lead in E.eugeniea, attributing the change to suppressed physiological response due to lead accumulation in the body of earthworms studied, explaining species sensitivity to metals. Likewise, Cesar et al. 34 observed no inhibition of the feeding activity in collembolans, when subjected to the dredged sediment with low metal contamination.
Studies of Fleuren et al. 35 showed that in contaminated soils the worms reduced their feeding rate, lowering the pollutant intake and found no difference in the amount of food consumed by juveniles and adult worms except for the gut retention time which was more in the juveniles of Eisenia andrei. The limited distribution of earthworms observed in the present study could also be due to ingestion of contaminated soils which might have affected the juveniles and hence decreased dispersion. Changes evident in reproductive indices could have influenced by the spiked metal as well as physical factors where cultures were maintained at 25±2°C. Several authors reported the influence of temperature on cocoon formation, hatchability and development time of cocoons. Cocoon development time for temperate epigeic worms Eisenia fetida (32-73days), Dendrobaena veneta (40-126days), and for tropical epigeic worm E.eugeniea (13-27days) and Perionyx excavates (16-21days) was reported by Edwards 36 . Likewise, rare emergence of two juveniles from cocoons in L.maurutii was reported by Dash and Senapathi 37 . They also reported prolonged incubation period in L.maurutii is due to delayed development of hatchlings per cocoon due to limited availability of resources to all embryos in a cocoon. Even though, P. corethrurus is a continuous breeder with high fecundity which is an adaptive feature of peregrine worms and L. maurutii the widely distributed native species, are semi-continuous breeders 38 , in the study reduced reproductive rate was evident in both the species which may be due to the prevailing physical factors. Olive and Clark 39 reported decreased neurosecretory activity as a result of shift in optimal temperature which was shown to affect cocoon production. Senapati and Sahu 40 observed varying incubation period in temperate worms (3-30weeks) and tropical worms (1 to 8 weeks).
Greater cocoon formation rate with increased hatching success in epigeics E.eugeniae was due to high mortality risk in the environment and is probably an adaptive strategy to equip them to sustain severe climatic changes 41 . Lee 42 reported that increased cocoon production is proportional to high risk of mortality in initial life stages. Cocoon formation and its development time vary from species to species and are dependent on species age, population density and climatic factors like temperature, moisture and energy content of the food. Anthropogenic activities leads to increase metal concentrations of toxic metals in surface soils resulting in decreased earthworm density 43 , and its extinction caused by metal overload is directly related to soil compaction and inconsistent litter build up which is critical in evaluating soil quality 44 .
In brief, this study reports the occurrence of six species of earthworms viz., Eudrilus eugeniae, Lampito maurutii, Pontoscolex corethrurus, Megascolex konkanensis, Polypheretima elongata and Perioynx excavates in selected areas which were minimal than the earlier record, exhibiting confined dispersion pattern of earthworms. The poor diversity of earthworms may be due to use of sewage effluents for irrigation practises and dominance of industries in agricultural zone which has influenced the soil metal concentrations causing impact on earthworms by altering their feeding, body mass changes and reproductive indices, in turn affecting its distribution. Hence monitoring pollution through soil characterisation reflects soil status and resultant species richness.
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